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[Problems to be Solved by the Invention] 

Discharge PFamount of C at time of etching is reduced by 
using the etching gas where atmospheric lifetime and .GWP 
are short, chemical dry etching method whichdecreases 
influence to global warming is offered. 
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[Means to Solve the Problems] 

semiconductor substrate 9 or chemical dry etching method of 
coating which was formed on semiconductor substrate isdone 
inside etching chamber 5 oxygen, octafluoro cyclopentene 
(C 5 F 8 ) and after activating mixed gas which includes 
according to need nitrogen, with gas which is activated. 

Discharge PFamount of C at time of etching is reduced by 
using the C 5 F 8 as etching gas where atmospheric lifetime and 
GWP are short, andinfluence to global warming can be made 
little. 

C 5 F 8 where atmospheric lifetime and GWP which are used as 
substitute gas are short is expected as gas material which 
designates PFC gas reduction as objective. 


10 


12 


Claims 
[W«* l] 

tt»«±i::»lS$*ifc»K£x-y5 1 >?-fS:i: 
[»**2] 


[Claim(s)] 
[Claim l] 

step 0 description above which activates mixed gas including 
the oxygen and octafluoro cyclopentene introducing gas 
which is activated, itpossessed step which coating which was 
formed on semiconductor substrate orthis semiconductor 
substrate etching is done chemical dry etching method,, 
which is made feature 

[Claim 2] 
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[M*3I4] 

□>S*bK£x^:^«c££1#«i-rftII 
3RE 2 izEIE0^5*;uK7-f x^>^*a o 


ItjfB;g^^X*CDS*;SJttt. 20vol%J2lT-C 

P'Ox 20vol%eiT"Cft*CtS» 
1 71MBI #S 5 ©ivf tiAMcffi 
K(D^5*;uK7-fx^>^ss 0 

Specification 

[0001] 

I^^Jatfty * t<lZ»th PFC(Per 
Fluoro Carbon)*£ffl]*fcX-/*>#;£5£|::KI 

[0002] 

sir* aw*Biftif(Djaa*x^>^-r*^5* 

;UK^X*y^>#(CDE;Chemical Dry Etching) 


<D«fc5fcxgT*»j3t**i5. 


chemical dry etching method; which is stated in Claim 1 
which furthermore includes the nitrogen to aforementioned 
mixed gas and makes feature 

[Claim 3] 

Aforementioned coating, photoresist film, polysilicon 
membrane, is any of the silicon nitride film and chemical dry 
etching methodo which is stated in Claim 1 or Claim 2 which 
is madefeature 

[Claim 4] 

chemical dry etching method; which is stated in Claim 2 
which silicon nitride film etching does mixed gas which 
includes aforementioned nitrogen which is activated, makes 
feature 

[Claim 5] 

nitrogen concentration in aforementioned mixed gas is 20 
vol% or less and chemical dry etching method 0 whichis 
stated in Claim 2 or Claim 4 which is made feature 

[Claim 6] 

octafluoro cyclopentene concentration in gas which 
aforementioned it is mixed is convertedis 20 vol% or less and 
chemical dry etching method; which is stated in any of 
Claim 1 to Claim 5 which is made feature 


[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention relates to chemical dry etching method for 
semiconductor device, regards etching method whichheld 
down especially discharge PFC (Per Fluoro carbon ) quantity. 

[0002] 
[Prior Art] 

Until recently, etching is done chemical dry etching (CD E; 
Chemical Dry Etching ) method which isurilized has been 
known semiconductor substrate and semiconductor Film, 
insulating film, conductor film or other film formation 
which was formed on semiconductor substrate at time of 
producing semiconductor device. 

When pad it forms metal film for connection in scattering 
region of the for example semiconductor substrate and inside 
connecting hole of interlayer insulation film which reaches to 
bottom layer metallization layer or other conducting layer,like 
below it is formed with step. 
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*1\ **JiS^t*a»(**«±l-)llffl«* 


trot, /^UT^utWitiS^S^IKtf* 
Xb^«BK©tt#BIXI*^>ft^«!llK«i:i: 

t;jillM6J8l»±l=*BI*-fr*« 


$bl:5>^Xf>IJ CVD(Chemical Vapour 

Deposition)*a&ific«fcyttaTLrt*a«>at? 


C©if£. ^r5*^KT-fx^>yji(islT. 

cde s£ti^)iccfcy»«mrtiana)$>^f' 

> H £ & £ L . ^ (T>%. CMP(Chemical 
Mechanical Polishing )&lC<fcyjffclil£fil«±<» 

[0003] 

CDE att.ttlfflA^lltl-CL^fcftlCfif*!! 

^^yA^C^dcirt^^o 
Z©#a£^*>?XfC/£x^/*y£LT 

CDE JilZck^TKUvya^irCD^^, v'J=i 
>8Hb<&U 5/'J=i>Srt:ttfci: ©v'J=j:Hb£ 

t'G)tt««!l<Dx^>ySS«S-r4»^l-li. 
x^>y*XiLr±lc CF 4 fc£<Z> PFC 

LfrU£Steffl**iTl^ PFC li. %%Mw 
J&tf GWP(Global Warming Potential) A < fi<±fe 

a 1 |cz<D^5*;UK7-fx^>^Silcffiffl$ 
tlSftaM* PFC fc**WI-fflL^ C 5 F 8 © 
GWP &tf *ft#ft(J|itt:*)£KtE-f *o 


First, interlayer insulation film is formed on semiconductor 
substrate which includes conducting layer,next, making use of 
photoresist or other mask which possesses predetermined 
pattern this interlayer insulation film the etching is done with 
dry etching method etc and connecting hole which reaches to 
the conducting layer is formed. 

After that, titanium film and composite membrane or titanium 
compound film etc which of the titanium compound film is 
called barrier metal film formation is done inside connecting 
hole and on interlayer insulation film with sputtering or other 
method . 

Furthermore in order to imbed inside connecting hole 
tungsten film with the CVD (Chemical Vapour deposition ) 
method etc, film formation it does on interlayer insulation 
film. 

barrier metal layer and metal film which consists of tungsten 
layer are imbedded to connecting hole, and, next with 
tungsten film other than inside connecting hole andremoving 
barrier metal film it is possible . 

In this case, tungsten film other than inside connecting hole is 
removed with chemical dry etching method (Below, you call 
CD E method), barrier metal layer on interlayer insulation 
film polishing is removed after thatwith CMP (Chemical 
Mechanical Polishing ) method. 

[0003] 

CD E method incidence of charge particle for most part is not 
because discharge part is left, damage to substrate is little. 

In addition because etching it is done in isotropic, there are 
noteither times when etching remnant of side wall occurs. 

etchback doing tungsten making use of this method, it forms 
embedded tungsten metallization such as it is done. 

When etching of polysilicon or other semiconductors silicon 
oxide, silicon nitride or other silicon compound, tungsten 
or other conductor, photoresist or other insulator is executed 
with CD E method, CF 4 or other PFC is used mainly as 
etching gas. 

But, because as for PFC which presently is used, atmospheric 
lifetime and GWP (Global Warmin g potential ) to be long 
effect to global warming are high fact thatreduction of 
effluent amount is strongly desired is present state. 

GWP and atmospheric lifetime (unit: year) of C 5 F 8 which is 
used for representative PFC and this invention which are used 
for this chemical dry etching method for Table 1 are stated. 


[0003] 
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[0004] [0004] 
m 1] [Table I] 

±fc PFC 0) GWP t'X.5.01w(&iS.M) GWP and atmospheric lifetime of main PFC (unit: year) 



GWP 


CF4 

6 5 0 0 

5 0 0 0 0 

C2F 6 

1 2 5 0 0 

1 0 0 0 0 

C3F8 

9 10 0 

3 2 0 0 

C5F8 

9 0 

0.9 8 


■f*Blcj3l^T\PFC #Ui*IM»©*£iL 

ts ^p-bx*fr<Daaft. pfc ©eugl 'Jim 

[0005] 

£l±a^<fc«fe5l^ ^SAJUK^x-y*:/?* 
|Ccfc<6¥»{*. i/'ja^b^*. ^>^Xf>, 7 

#XiLT±lc*ft#^fti; GWP A<fi<tfei* 

attfts&iKDai^ pfc A<isffl*tiri^*^ 

fey * gwp ©si^x^>^x 

sffiffl-r*cticj:y,x^>^©#a pfc 

y5*;uK^x^>^&£s#-rst©r 

fe^o 

[0006] 

x>(c 5 f 8 )ai/jBsi^(Ei:r a*(N 2 )££t;ff 
&* jsiHbLfc*fxic*yi|tsiitaisft*LMi 

*«jf^ai;GWP(DSL^x^>^ifxtLr 
c 5 f 8 sffiffl-rszticcty . x^>^«f(d» 

Ui pfc *£ffl*U *#Si»fc^<DK#£'> 


When executing chemical dry etching method in 
semiconductor substrate, compounding recovery, the recycle 
of optimization. PFC of process condition and examination 
etc of substitute gas in, as method of PFCeffluent amount 
reduction, fact that it has executed is present state. 

[0005] 

[Problems to be Solved by the Invention] 

As above expressed, case of semiconductor* silicon 
compound* tungsten* photoresist or other etching, mainly 
atmospheric lifetime and the GWP to be long PFC whose 
global warming effect is high are used with chemical dry 
etching method as etching gas, but fact that reduction of these 
effluent amount isstrongly desired from viewpoint of global 
warming is present state. 

As for this invention, being something which can be depended 
on this kindof situation , it is something which offers 
chemical dry etching method which reduces thedischarge 
PFamount of C at time of etching by using etching gas where 
the atmospheric lifetime and GWP are short, decreases 
influence to global warming. 

[0006] 

[Means to Solve the Problems] 

this invention, oxygen (0 2 ), octafluoro cyclopentene (C 5 F 8 ) 
and mixes gas whichincludes according to need nitrogen (N 2 ), 
does semiconductor substrate or chemical dry etching method 
of coating whichwas formed on semiconductor substrate this 
after activating gas which ismixed, with gas which is 
activated, it has made feature. 

Discharge PFamount of C at time of etching is reduced by 
using the C 5 F 8 as etching gas where atmospheric lifetime and 
GWP are short, influenced global warming can be made 
little. 

Regarding to this invention, C 5 F 8 where atmospheric lifetime 
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mMis gwp <7>3si^ c 5 f 8 i*» pfc #xm** 

[0007] 

»2] 


[0008] 

14. C 5 F 8 ;1J££ 20vol%6lTi:-f 
*56Wei4. ^*i*»fitL<l*^#(**«l^ 

(cl*. C 5 F 8 #X©sl££ 20vol%cfcy £<LT£ 

r%c 5 f 8 ;t££ 20voi%eiTicBBSL«cit*tii 

*fc. x^>y<D^-ttt+^I2tobti^o 

^>y-T^)ii^lcfcM^x^>^V-K^- 
iltRJ±(A-A)(DX^>^X*CD C 5 F 8 ;!Jt 

[0009] 

H 3 Ii^$4£liiJA<7KUv'Jzi>x^>>yb- 
K(nm/min)$S^L. ^tJWJ vU=l>|gS® 
©lS-it(±(%))at;* , J*> l Ja>Bia)**i/ | J3 


and GWP whichare used as substitute gas are short is 
expected as gas material whichdesignates PFC gas reduction 
as objective. 

property of C 5 F 8 gas is, as shown in below-mentioned Table 
2. 


Regarding chemical dry etching method of this invention, C5 
F 8 concentration is designated as 20 vol% or less. 

With this invention, when photoresist film, polysilicon 
membrane which was formed to semiconductor substrate or 
semiconductor substrate, etching it does silicon nitride film or 
other coating, making concentration of the C5 F 8 gas more 
than 20 vol%, (etching rate fully is high. ) which is possible, 
deposit toaccumulate etching, inside discharge tube of etching 
equipment, because there isa possibility which becomes 
unuseable, you must limit C 5 F 8 concentration in 20 vol% or 
less. 

As shown in Figure 3, when etching which relates to this 
invention isdone vis-a-vis aforementioned coating putting, 
selectivity for the silicon oxide is recognized fully. 

In addition, also uniformity of etching is recognized fully. 

As for Figure 3, when etching it does polysilicon membrane, 
with the method of this invention etching rate which can be 
put (*-*), surface uniformity (*-*) and itis a characteristic 
graph which shows C 5 F 8 concentration dependency in etching 
gas of anti- silicon oxide selectivity (*-*). 

[0009] 

As for Figure 3, vertical axis left side displays polysilicon 
etching rate (nm/min ), right side uniformity of polysilicon 
film surface (+/- (%)) and has displayed anti- silicon oxide 
selectivity (I /Si0 2 ) of polysilicon membrane. 



[0007] 

C 6 F 8 



C5F8 (^^7;^DS/^n^>-r» 


2 7C 


2 12 


6 1 4mmHg (2 1*C) , 2 5 6mmHg (0*0 

it a 

1. 58 






[0008] 


[0009] 
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H 3 izfel^T. C 5 F 8 igJttf 20vol%^^K.r : t 

«v'J=3>^b^il^J±CDfl|g(A-A)l±. CCD 
;lgA<20vol%(Di:^(ct o -^A<fcy.20vol%^ 

[0010] 

ig^itCA-A^X^^^lX^CD C 5 F 8 M& 

-Knm/min)£Sfc>U tfl! 14<*>U3>S<bliM 
SH©J9-tt(±(%))&tf$/U=J>SteR©W 
v'Ja>^b%lStRhk(l/Si0 2 )^S^LTl^o 

CKDEIlCjSlvC % C 5 F 8 »Jti< 20vol%KTFa> ffi 
ffl(BI*<7)S6HI**?I 8vol%M2vol%)(Cfcl^Tig 

£fc* fjfB^j-ttli. 20voI%»T 
(D|5H(EI^<0$bHI*^ 8vol%~12vol%)l:ifc^ 
TJ6lMi(4%JaT)*<#x&*i"Cl*5o 

»i/U3>iWb*a«!ifca)ft«(A-A)ii % ccd 

X it A* 20vol% ElT(0S<7>tfiHI*» 
9.4vol%--19vol 0 /o)0)t*lClil|cJ$| — ftSl^fit^ 

[0011] 

-♦)at>li^-tt(l-I)^7r»Wx* 

(D c 5 f 8 »ffittfftt**-r»ttH-eft*o 

Ly-h(nm/min)$a^L. W7*hU vXh 
BtaB(D«tl-tt(±(%))Sa*5LT^4o 

CKDEHzfcl^T , C 5 F s SS** 20vol%©f&BlC 
<t<f^^tl 3vol%-3.6vol%<7)1SaJgCD|5fflT^L^ 
iIEiSl-1tl4.C(Dafi^ 20vol%J2lT 


In Figure 3, C 5 F 8 concentration exceeding 20 vol%, high 
etching rate ismaintained, but aforementioned way because 
deposit accumulates,concentration above this is impossible. 

In addition as for aforementioned uniformity, when this 
concentration is 20 vol% to be highest high uniformity is 
acquired at this front andback. 

curve (*-*) of anti- silicon oxide selectivity, when this 
concentration is 20 vol%, is a peak, has possessed high 
selectivity with as much as 20 vol% or more understands . 

[0010] 

As for Figure 4, when etching it does silicon nitride film, with 
method of this invention etching rate which can be put (*-*), 
surface uniformity (*-*) and it is a characteristic graph which 
shows C 5 F 8 concentration dependency in etching gas of anti- 
silicon oxide selectivity (*-*). 

As for Figure 4, vertical axis left side displays silicon nitride 
film etching rate (nm/min ), right side uniformity of silicon 
nitride film film surface (+/- (%)) and has displayed anti- 
silicon oxide selectivity (1 /SiO^) of silicon nitride film. 

In this figure, C 5 R conc-entratiooihigh etching rate is 
maintained ir>r3nge (As for rangern illustration 
approximately 8 vol%-12 vol%}p^70 vol% or less. 

In addition,^s-fbraforementioned uniformity, this 
concentration highvalue (4% or less ) is given in range (As for 
range in illustration approximately 8 vol%-12 vol% ) of 20 
vol% or less. 

As for curve (*-*) of anti- silicon oxide selectivity, when this 
concentration is 20 vol% or less (As for range in illustration 
approximately 9.4 vol%-19 vol% ), almost uniform high 
value is acquired. 

[0011] 

As for Figure 5, when ashing it does photoresist film, with 
method of this invention ashing rate which can be put (*-*) 
and it is a characteristic graph which shows C 5 F 8 
concentration dependency in ashing gas of surface uniformity 

(*-*)- 

As for Figure 5, vertical axis left side displays photoresist 
film ashing rate (nm/min ). right side hasdisplayed uniformity 
(+/- (%)) of photoresist film surface. 

In this figure, C 5 Fsi^rtc^ruratio\high ashing rate is 
maintained in range of20 vol%. 

High ashing rate is maintained in range of low concentration 
of especiallyapproximately 3 vol%-3.6 vol%. 

In addition, as for aforementioned uniformity, this 
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t<lZlft 3vol%~4vol%<7)$5fflT* 10%WTIC^c 

-♦)&t/8SiS)-tt(«-»)0x-v : 3 1 >?'2iX* 

IB 6 1*. *tt£fl!jA<*>'J=i>aftlllX-y^>yu 
Bfifl>S3-te(±(%))SSfrL"a*4. 

1 0vol%~20vol% OSEHr^L^ — ttai/x»/ 
[0012] 

I*. 

20vol% JUT trfcS J;^ I C LT t ^ „ 
d'Orl/SSIi. 20vol%feLTT'fc-5<fe5lcL 
[0013] 

^>?D-*^:to»m#gf|y>r5ajuK : 7'rx 

J2TF.CDE aHtl^)©*l8Bf 

CDE l&fili. SEfS(l7f>'!7'I)5 ££LT 


2000-12-15 

concentration high value isgiven in range of 20 vol% or less. 

In range of especially approximately 3 vol%~4 vol% it has 
become 10%or less. 

As for Figure 6, when etching it does silicon nitride film, with 
method of this invention etching rate which can be put (*-*) 
and it is a characteristic graph which shows ^concentration 
dependency in etching gas of surface uniformity (*-*). 

As for Figure 6, vertical axis left side displays silicon nitride 
film etching rate (nm/min ), right side hasdisplayed 
uniformity (+/- (%)) of silicon nitride film surface. 


In addition, as for aforementioned uniformity and etching 
rate, high uniformity and etching rate are acquired in range of 
approximately 10 vol%~20 vol%. 

[0012] 

chemical dry etching method of namely, this invention step 0 
description above which activates the mixed gas which 
includes oxygen and octafluoro cyclopentene introducing gas 
which is activated, possessed step which coating which 
wasformed on semiconductor substrate or this semiconductor 
substrate etching is done hasdesignated as feature. 

In aforementioned mixed gas furthermore to include nitrogen 
it isgood. 


Include aforementioned nitrogen to be mixed converted, gas 
which is activated etching to do silicon nitride film is good. 

nitrogen concentration in gas which aforementioned it is 
mixed is convertedto be 20 vol% or less is good. 

octafluoro cyclopentene concentration in gas which 
aforementioned it is mixed is convertedto be 20 vol% or less 
is good. 

[0013] 

[Embodiment of the Invention] 

Below, referring to drawing, you explain Embodiment of 
Invention. 

Figure 1 is conceptual cross section diagram of discharge 
separation type chemical dry etching equipment (Below, you 
call CD Eequipment ) of downflow type which isused in order 
to execute this invention. 

CD Eequipment reactor (etching chamber ) has had 5, silicon 


In this figure, N 2 concentration exceeding 20 vol%, high 
etching rate ismaintained. 


[0012] 


Aforementioned coating photoresist film* polysilicon 
membrane, to be a any of the silicon nitride film is good. 
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ttsft* 6 1*. jB*«w*<Rrtt"c*y. sail 

•So 

c 5 f 8 #xat;*5i=j£i:r^**i4 

iAa l cty#A^. 

3 ©if *tt#l::i*-7-f*naS#»* 2 A< 

(2.45GHz)lCj;y®)£B£;ft-5>o 

»s**ifc#*i*. tfxitai* 4 say. 

jSS» 4 TSt©fflS#*flW& □ 7 bfil£#3f 5 

«?yfijc#*A 5 icgA^tiSJoi-fcoT^ 

So 

*l*RlrSa)KS<ll-S»*l»*ti**5lc* 

[0014] 

*ae s *^#aj**t*»*fxi*7K^ io ic j: 

SWX*<Z> PFC <D#*rl4, 10 titfX 

B£Sgfi 1 1 lffll^Klt&*lfc#X^DVhffllS8 

12 -eiBis-r-s^fciCcfco-cff^ttSo 


deg c lcffi£U IS*4^lciS:S$^fcv , Ja>^ 
x/\±lc^/$^tifc7K l Jv l J^>Mc7);aglSlii 


fi(ES«rt©E** 40Pa -SKU C 5 F 8 1 0 2 
(D^mA^tl-ftl 100sccmfc400sccm£fc&;I 

£#*£»*e±acfcy3tU7oow (DT-r^n 


wafer or other substrate being treated 9 is mounted on sample 
stage 6 which is stored up inside reactor 5. 

sample stage 6, temperature control being possible, is 
designed in such a way thatyou can adjust substrate being 
treated 9 in predetermined temperature. 

oxygen gas, C 5 F 8 gas and according to need mixed gas which 
includes nitrogen gas which isincluded is introduced from gas 
inlet 1 of discharge tube upstream. 

microwave waveguide 2 is provided in center part of 
discharge tube 3. 

mixed gas which is introduced excitation is done from gas 
inlet 1 by the microwave (2.45 GHz ) which is irradiated by 
microwave waveguide 2 . 

gas which excitation is done passes by gas transport tube 4, 
from excitation gas supply port 7 of gas transport tube 4 
downstream is introduced into reactor 5. 

mixed gas which excitation is done becomes radical and 
neutral gas andis designed in such a way that it is introduced 
into 5 reactor. 

In addition, power of microwave and pressure inside reactor 5 
areformed in order automatic control to be done in 
predetermined setting. 

[0014] 

substrate being treated 9 dry etching after being done, as for 
mixed gas becoming the exhaust gas, from exhaust pipe 8 is 
discharged to outside by mixed gas which excitation is done. 

exhaust gas which is discharged from exhaust pipe 8 is sent 
by exhaust gas scrubbing equipment 1 1 with pump 10 , from 
exhaust gas outlet 1 3 is discharged to outside. 

Analysis of PFC in exhaust gas, it is done with pump 10 and 
gas chromatography measuring apparatus 12 which is 
provided between exhaust gas scrubbing equipment i 1 it 
measures by . 

Next, like above you explain concerning chemical dry etching 
method of polysilicon membrane which is done making use of 
CD Eequipment which is formed. 

temperature of sample stage which is installed inside reactor 
is set to25 deg C, temperature adjustment of polysilicon 
membrane which was formed on the silicon wafer which is 
installed in sample stage is done. 

40 making pressure inside reactor Pa fixed, letting flow the 
mixed gas where flow of C 5 F 8 and 0 2 respectively 
becomes 100 seem and 400 seem from discharge tube 
upstream, microwave of 700 W from waveguide irradiating to 
discharge tube and excitation doing mixed gas, from transport 
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[0015] 

tztZb. X^>^ilJSA< 307nm/mhu 
gStD£j-f£A<±2.6%. SS/'Jai/Kfctt© 

ig^j±*< 39 t#y . a*ttfflLr i^fc cf 4 #x 

7 P -fe X (700W . 40Pa - £ . 0 2 /CF 4 
=60/150sccm iCfc^r.X^^^^jSS A< 
356nm/miru &&3SS<D£j-14**±2.2%. 
*}5/«J=3>Kftft(DaS!JtA* 37)<tl*)*i£<7>x 

£ 3 IC C 5 F 8 ^P-bXi: CF 4 ^P-bXOTK'J vv 
□>Mfflx^>y»1tS*fcto4o 

*fc, C 5 F 8 3«£±(*<Z>#X3S*a> 20vol%W 
*^PThas»l=«fc« c 5 f 8 ztatxt CF 4 

C 5 F 8 ^P-feX* (Ctt , C 2 F 6 C 3 F 8 fc£(D CF 4 

xttt^LT^x-/\ i *afcy©s«<b»jii 

(D;Iil^$Sm(PFC »ffl*xGWP=Sffi<b«ia 
[0016] 

[a 3] 


tube it introduces mixed gas radical into reactor. 
[0015] 

With this kind of condition when etching it does polysilicon 
membrane, the CF 4 gas process where etching rate uniformity 
of 307 nm/mnu treated surface +/- 2.6%, selectivity ofanti- 
silicon oxide becomes with 39, has used until recently (In 700 
W. 40 Pa uniformity and O 2 /CF 4 =60/150 seem, etching rate 
uniformity of 356 nm/min* treated surface +/- 2.2%, 
selectivity of anti- silicon oxide 37) with the etching 
characteristic of same extent could be acquired. 

etching characteristic of poly ti Lithospermum root film of C 5 
F 8 process and CF 4 process iscollected to Table 3. 

In addition, occurrence of intermediate product of C 5 F 8 and 
oxygen to the discharge tube and transport tube is held down 
C 5 F 8 flow by making 20 vol% or less of the gas flow of 
entirety it was possible . 

measurement result of warming amount of gas generation in 
exhaust gas at time of C 5 F 8 process and the CF 4 process was 
collected to Table 4 with gas chromatography measuring 
apparatus . 

Occurrence of warming gas other than C 2 F 6 and C 3 F 8 or other 
CF 4 was notseen in C 5 F 8 process. 

93% or more reduces measurement result (It makes 
PFCeffluent amount X GWP=warming effective value. ) of 
warming effect of wafer per each, waspossible by using C 5 F 8 
gas by comparison with CF 4 gas process. 

[0016] 

[Table 3] 


C 5 F 8 7n-trX£CF 4 7uttOtfVi>'V3>tit&Xy3 L >!fW& 



X.y?->if&& [nm/m i n] 

[%] 

C5F8^D-kX 

3 5 6 
3 0 7 

±2. 2 
±2. 6 


[0017] 

^hU^hM*y5*;i/K7^x^><fLfc" 
£ 25 degC ICHSU v'Jai/^x/MCflJfiWFtl 


[00 1 7] 

In same way you explain concerning effect of C 5 F 8 gas when 
chemical dry etching it does silicon nitride film and 
photoresist film making use of CD Eequipment. 

First, temperature of sample stage which is installed inside 
reactor isset to 25 deg C, silicon nitride film which was 
formed to silicon wafer temperature adjustment isdone. 
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StC^Hrta>E^li90Pa-SlCL,C 5 F 8 t0 2 
t N 2 OmUimfo^tl BOsccm t 945sccm t 
145sccm i&4;S£**X£flt*ei::3SL.2Fe> 


pressure inside reactor 90 makes Pa fixed, lets flow mixed gas 
where flow of C 5 F 8 and 0 2 and N 2 respectivelybecomes 1 30 
seem and 945 seem and 145 seem to discharge 
tube.furthermore, microwave of 700 W from waveguide 
irradiates to the discharge tube and excitation does mixed gas. 

And, radical of mixed gas which excitation is done is 
introduced toinside reactor. 


[0018] [0018] 
[« 4] [Table 4] 




mm 

[sccm/Wafer] 

3M 

[sec] 

[a.u] 


[run/aim] 


CF4 

C5F8 

C02 

CF4 
C5F8 

3 5 6 
3 0 7 

mv 

3 8 
7 7 
0 
7 

0 
0 
2 5 
0 

0 
93 
0 

43 0 

1 5 

7 6 
1 5 

8 6 

720343 
45247 

C5F8£fflV>£*£<DGWP®«$ (CF4^D^XJt) % 

93.7 


[0019] 

C 5 F 8 *fX©a«rcoixTttW^4o 

* 25 deg C icRjtU v^^x/Mcfl^^ft 

fil6SSrt©E*li90Pa-£l^L.C5F8 £:0 2 
£ N 2 CDyftfiA^tl-f tl I30sccm t 945sccm i: 
145sccm fc£6;g£#*£tt*fflcaU*b 
IC. 700W 0T>f^Q;&£®;&t : ^bifc1l'g^ 

135nm/min ,ttfflSIi*B<D$) — tt*<± 

i.5%.>*5/u=i>K<b*©as?tbA< ii tfty. 

ft^&ffl^ftTl^f- CF 4 ^a-bX(700W. 


[0019] 

In same way you explain concerning effect of C5 F 8 gas when 
chemical dry etching it does silicon nitride film and 
photoresist film making use of CD Eequipment. 

First, temperature of sample stage which is installed inside 
reactor isset to 25 deg C, silicon nitride film which was 
formed to silicon wafer temperature adjustment isdone. 

pressure inside reactor 90 makes Pa fixed, lets flow mixed gas 
where flow of C 5 F 8 and 0 2 and N 2 respectivelybecomes 130 
seem and 945 seem and 145 seem to discharge 
tube,furthermore, microwave of 700 W from waveguide 
irradiates to the discharge rube and excitation does mixed gas. 

And, radical of mixed gas which excitation is done is 
introduced toinside reactor. 

With this kind of condition when chemical dry etching it does 
silicon nitride film, etching rate uniformity of 135 nm/min. 
suffering treated film surfaces +/- 1.5%, selectivity ofanti- 
silicon oxide became with 1 1, CF 4 process which is used until 
recently(In 700 W\ 90 Pa. 0 2 /CF 4 /N 2 =320/400/80 seem, 
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90Pa. O 2 /CF 4 /N 2 =320/400/80sccm ICfclvC* X 
^l/^SStf 96nm/min.tt«iaBISEffi©iS 

a 5 I- G F 8 ^P-txi: CF 4 ^n-trx^x^^ 

■tl/C.a 6 izifX^PVhaiSSlZj:* C 5 F 8 
^□-trxt cf 4 ?p*XB*©fiWx*<DiSBHt 

ifx5E4*o)a!iseiR$sBK-r«o 

C 5 F 8 ^P-bX*lCl*, C 3 F 6 *>C 3 F 8 ftffl) CF 4 

^ LT, C 5 F 8 #X3lEl££(*<D#*3SE*«>ft 

llvol%lcr*^tl=c*:y CF 4 #7^P-feX<tJ£ 

sltox-/\ i «cafcyo)sawb«iii(PFc 

ft tUl: * GWP=SR*ba&*filt*"<6)l*. 97.9% 
[0020] 

[a 5] 


etching rate uniformity of 96 nm/muu suffering treated film 
surfaces+/- 2.9%, selectivity of anti- silicon oxide 10) with 
etching characteristic of same extent acquired. 

etching characteristic of C 5 F 8 process and CF 4 process is 
stated in Table 5. 

And, in Table 6 measurement result of warming amount of 
gas generation in exhaust gas at time of C 5 F 8 process and CF 4 
process is stated with gas chromatography measuring 
apparatus . 

Occurrence of warming gas other than C 3 F 6 and C 3 F 8 or other 
CF 4 was notseen in C 5 F 8 process. 

97.9% or more reduces warming effective (It makes 
PFCeffluent amount X GWP=warming effective value. ) of 
wafer per each, was possible and, C 5 F 8 gas flow by making 
approximately 1 1 vol% of gas flow of entirety by comparison 
with CF 4 gas process. 

[0020] 

[Table 5] 



Xy?>>/mg. [nm/m 1 n] 


CF47 r D-fe^ 
C 5 F 8 7n-feX 

9 6 
1 3 5 

±2. 9 
±1. 5 


[0021] 

[a 6] 


[0021] 
[Table 6] 
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[scan/Wafer] 

[sec] 

[a.u] 


[nm/alin] 


CF4 

C5F8 

C02 

CF4 
C5F8 

9 6 
13 5 

mv 

1 00 
47 3 
0 
1 1 

0 
0 
3 3 
0 

0 

1 5 3 
0 

8 8 7 

1 5 
9 9 
1 5 
7 3 

3609160 
76600 

C5F8£fflV^#&^)GWPi£«^ (CF47 p n-feXJt) % 

97.9 


[0022] 

£ 70 deg C ICKSU 5/U3>^i/MC»fiK*tt 

SJCS»W<DE*l*50Pa-SlzL.C 5 F 8 £0 2 
<7>3iEiAH'*i'€ r ti 20sccm <h 530sccm <t&£?I 

2l29nm/miiu Sffl3K»B©i&-ttA<±2.9% 
tfty.a*ffifflU'C^fc CF 4 #X?Q-feX 
(700W. 30Pa. 0 2 /CF 4 =300/50sccm ICfcLv^ 
X^I/^SKA* l700nm/min*ttffiSMSB 

a 7 IZ C 5 F 8 ^D-feXi: CF 4 -Ju^OlirVKs 

•tL-C.**x^avhaS»lc«fcS C 5 F 8 tfx7 
n-trXi: CF 4 ***?n-fe*B#©l#2fx*©;aB 

<b#x#s£*©ai5£f6ii£S » i^tsis-r^o 

C 5 F 8 ^^P-bX*lCl4. C 2 F 6 X=> C 3 F 8 ftif© 

cf 4 jurt©sffifc#*©*£i*ja&*tfc* x -3 

tZo 


[0022] 

Next, temperature of sample stage which is installed inside 
reactor isset to 70 deg C, photoresist film which was formed 
to silicon wafer temperature adjustment isdone. 

pressure inside reactor 50 makes Pa fixed, lets flow mixed gas 
where flow of C 5 F 8 and 0 2 respectively becomes 20 seem and 
530 seem to discharge tube, furthermore, microwave of 700 
W from waveguide irradiates to discharge tube and excitation 
does mixed gas. 


With this kind of condition when chemical dry etching it does 
photoresist film, etching rate uniformity of 2129 nm/min % 
suffering treated film surfaces +/- becomes 2.9%, the CF 4 gas 
process which has been used until recently (In 700 W\ 30 Pa. 
0 2 /CF 4 =300/50 seem, etching rate uniformity of 1700 
nm/mnu suffering treated film surfaces +/- 1 .8%) with 
etching characteristic of the same extent is acquired. 

etching characteristic of photoresist film of C 5 F 8 process and 
CF 4 process is stated in the Table 7. 

And, with gas chromatography measuring apparatus 
measurement result of warming amount of gas generation in 
exhaust gas at time of C 5 F 8 gas process and CF 4 gas process is 
stated in Table 8. 

Occurrence of warming gas other than C 2 F 6 and C 3 F 8 or other 
CF 4 was notseen in C 5 F 8 gas process. 


And, radical of mixed gas which excitation is done is 
introduced toinside reactor. 
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C 5 F 8 j3X7&M.££te<njix%im.<nfci 4vol%lc 

i \ i *Msfcya>a«Hba!i*(PFc ftttftx 

GWP-a«<bJ»*flltf«)li 98.1%J2LtM* 


98.1% or more it can reduce warming effective (It makes 
PFCeffluent amount X GWP=warming effective value. ) of 
wafer per each the C 5 F 8 gas flow by making approximately 4 
vol% of gas flow of entirety bycomparison with CF 4 gas 
process. 


[0023] [0023] 
[* 7] [Table 7] 

C 5 Ft yo-feXtCF 4 yn-feX®7*hU^XhKOiy5 1 >^tt 



Xy*>ifmm [nm/min] 

[X] 

CF4^DtX 
C5F8:/n*feX 

1. 7XE3 
2 12 9 

±1. 8 
±2. 9 


[0024] [0024] 
[8 8] [Table 8] 





[sccm/Wafer] 

[sec] 

[a. ti] 


[nm/mim] 


CF4 

C5F8 

C02 

CF4 
C5F8 

3 5 6 
3 0 7 

ML 
#0 
Mh 

1 3 
6 4 
0 
1 

0 
0 
5 
0 

0 
1 9 
0 

1 9 5 

1 5 
116 
1 5 
94 

482075 
9101 

C5F8*fflV>fc»&0GWPtta« (CF4 7nizXtf:) % 

98.1 


[0025] 


fMKR 102 SfrLTTJiea 101 A<»!*2F*lfc 


[0025] 

Next, method which tungsten film or other metal film which 
was formed on semiconductor substrate the chemical dry 
etching is done is explained. 

Figure 2 is sectional view which shows constitution of metal 
film whichwas formed to semiconductor substrate which 
etching treatment is done with method of the this invention 
which was formed on semiconductor substrate. 

Through insulating film 102, as interlayer insulation film 
silicon oxide film (Si0 2 ) 20 is formed on silicon 
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Z<Dis>)^mtm 20 £?*hUv7.h(I2'n:1± 

mm 20 sK^x^^LTTJiEfc 101 

ftfifl. 24 rtSSlcliTJllB^ 101 tfSibLTl^ 

•So 

->'J=l>^bll 20 ±&tf -t<Dtt«fl. 24 
F*5lZ^'Si>(Ti)K21 iS<b**>CTiN)K22i:£ 

ffl**/<-y*'j:/?&Xl*cvDa&£T»jSW- 

^>^f>(W)1 23 £ CVD SJfflU 
T««3Fl 24 W£gtf>&t,\fc5l=»JiM-«. 

Z<7)<!:^>^7.x»l 23 A<f$3g|?L 24 JilM-(D 
/<'J7>*;UJ« 2k 22 ±lCtft$(S$tL-5o 

[0026] 

<%\z. m 1 cde mm£mi^x¥m&& 

m 100 fc»j*3;h.fc*MK£*J**-**:/?* 

^ »g 23 t=f-^m 21 ai/g^^n 21 © 


ft*. 24 rt*lc»«EHtttW>^-r>lll 

23 A<Stf>&£;h„ ffiKft 24 JUM-W^>yxx 

Ci 2 #7.£ffll^T. C 5 F s #Xi: 0 2 

210sccnu Cl 2 #XOT;;fiji:£ 40sccnu "7 
-f^ajft/^— £ 700W.I±*)£ 30Pa .fcLfc^ 

•y^^ai=teit*»tii pfc nmzsmtuz 

C 5 F 8 ^X^fijfflLfc'y5*^K7'rx->5 1 >y 
$tl-5t<D1?l±ft< PFC £flEfflLTl^£x-y?-> 

[0027] 

C 5 F 8 ££;S£-f 6C<hlCcfc 

y, cf 4 #xs«ffl-r*B*tns*o>x^y>y 

1*ttA<#6*i<Stttl= PFC j*U****<M 
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semiconductor substrate 100 where bottom layer metallization 
1 0 1 was formed. 

It covers this silicon oxide film 20 with photoresist (not 
shown ), patterning > does this, the dry etching doing 
silicon oxide film 20 with photoresist which patterning is 
done as the mask, it forms connecting hole 24 which touches 
to bottom layer metallization 101. 


Next, on silicon oxide film 20 and inside its connecting hole 
24 titanium (Ti ) film 2 1 and the titanium nitride (TiN ) film 
22 is formed with sequential sputtering method or CVD 
method etc. 

After that, in order to imbed inside connecting hole 24 
tungsten (W ) film 23 making use of CVD method, it forms. 


Next, barrier metal film of tungsten film 23 and titanium film 
21 and titanium nitride film 21 which form metal film which 
was formed to semiconductor substrate 100 making use of CD 
Eequipment whichis shown in Figure 1 chemical dry etching 
is done. 


Entire amount of gas of C 5 F 8 gas and 0 2 gas flow of 210 
sccim C 1 2 gas 40 seem, microwave power etching is done 
with condition which designates 700 W\ pressure as30 Pa 
making use of C5 F 8 gas. 0 2 gas* Ch gas as reactive gas 
which you use. 

connecting wire which has flat surface is acquired. 

Above, regarding to method of this invention, as for chemical 
dry etching whichutilizes C5 F 8 gas which designates 
discharge PFC reduction in chemical dry etching method as 
objective, it is not a aforementioned substrate being treated or 
somethingwhich is limited in etching gas and it becomes 
substitute material of etching which uses PFC it is possible . 


When using CF 4 gas according to this invention, by mixing 
oxygen and C 5 F 8 to gas which is used for chemical dry 
etching, and as etching characteristic of same extent is 
acquired, PFCefTluent amount can be reduced largely. 


bottom layer metallization 101 has exposed in connecting 
hole 24 internal . 


This time tungsten film 23 is formed also on barrier metal 
film 2 1,22 other than connecting hole 24. 

[0026] 


And, tungsten film 23 which becomes connecting wire in 
connecting hole 24 internal where barrier metal film was 
formed to side wall is imbedded, tungsten film other than 
connecting hole 24 isremoved etching. 


connecting wire which has flat surface is acquired. 


[0027] 

[Effects of the Invention] 
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[05] 

$iftB^-r^>^it0o 

[06] 

*i6W©*ssicj:ys/y3>a<bBi*x^> 
1 

10 

100 

101 


102 


[Brief Explanation of the Drawing(s)] 
[Figure 1] 

conceptual cross section diagram 0 of CD Eequipment which 
executes chemical dry etching of this invention 

[Figure 2] 

sectional view 0 of semiconductor substrate which explains 
chemical dry etching of this invention 

[Figure 3] 

When etching it does polysilicon membrane, with method of 
this invention characteristic graph,, which shows C 5 
F 8 concentration dependency in etching gas of etching rate* 
surface uniformity and theanti- silicon oxide selectivity which 
can be put 

[Figure 4] 

When etching it does silicon nitride film, with method of this 
invention the characteristic graph 0 which shows C 5 
F 8 concentration dependency in etching gas of etching rate* 
surface uniformity and anti-silicon oxide selectivity which 
can be put 

[Figure 5] 

When ashing it does photoresist film, with method of this 
invention the characteristic graph 0 which explains Cs F 8 
concentration dependency in ashing gas of ashing rate and 
surface uniformity which can be put 

[Figure 6] 

When etching it does silicon nitride film, with method of this 
invention the characteristic grapho which explains C 5 F 8 
concentration dependency in etching gas of etching rate and 
surface uniformity which can be put 

[Explanation of Symbols in Drawings] 

1 

gas inlet 
10 

pump 
100 

semiconductor substrate 
101 

bottom layer metallization 
102 
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n 
12 

13 
2 

20 
21 

**>1I(/<'J7>*;UM) 

22 

23 
24 

mmn 

4 
5 


8 
9 

Drawings 
[01] 


insulating film 
11 

exhaust gas scrubbing equipment 
12 

gas chromatography measuring apparatus 
13 

exhaust gas outlet 
2 

microwave waveguide 
20 

silicon oxide film 
21 

titanium film (barrier metal film ) 
22 

titanium nitride film (barrier metal film ) 
23 

tungsten film 
24 

connecting hole 
4 

gas transport tube 
5 

reactor (etching chamber ) 
6 

sample stage 
7 

excitation gas supply port 
8 

exhaust pipe 
9 

substrate being treated (wafer ) 
[Figure 1] 
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[Figure 4] 
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[05] [FigureS] 


2500 



2 2.5 3 3.5 4 4.5 5 


C5F8/ (C5F8+0 2) *1 0 0 Wl 


[126] [Figure 6] 
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